Objective. To evaluate the association of incident gout with the risk of incident septic arthritis in a general population context.
Introduction
Gout is the most common form of inflammatory arthritis affecting men and postmenopausal women [1] . In the National Health and Nutrition Examination Survey 200708, the prevalence of gout among United States adults was 3.9%, affecting 8.3 million individuals [2] . Over the past several decades, the prevalence of gout has almost doubled in the United States, and its prevalence continues to increase in other countries [1] .
The joint pathology associated with chronic arthritis is thought to predispose individuals to the development of septic arthritis [3] . For example, RA has been found to be associated with a substantially increased risk of septic arthritis according to several large population cohort studies [4, 5] . In a study by Edwards et al. [4] using the UK General Practice Research Database (GPRD), the incidence of septic arthritis in subjects with RA was 12.9 times higher than in those without. Similarly, gout patients may be at higher risk of septic arthritis, as previous case-series have reported the co-existence of septic arthritis and gout [6] . To our knowledge, no controlled or population-based data are available on this practical and relevant topic. To address this knowledge gap in the field, we examined the potential relationship between incident gout and the risk of incident septic arthritis in a general population context.
Methods

Data source
The Health Improvement Network (THIN) is a computerized medical records database from general practices in the UK. Data on 10.2 million patients from 580 general practices are recorded by general practitioners (GPs) and sent anonymously to THIN. Because the National Health Service in the UK requires every individual to be registered with a GP regardless of health status, THIN is a population-based cohort representative of the UK general population [7] . The computerized information includes demographics, details from GP visits, diagnoses from specialist referrals and hospital admissions, results of laboratory tests and additional systematically recorded health information including height, weight, blood pressure, smoking status and vaccinations. The Read classification is used to code specific diagnoses [8] , and a drug dictionary based on data from the Multilex classification is used to code drugs [9] . Health information is recorded on site at each practice using a computerized system with quality control procedures to maintain high data completion rates and accuracy.
Study design
Our study population included individuals aged 540 years who had at least 1 year of active enrolment with the general practice between 1 January 1995 and 31 December 2013 (n = 3 727 437). Patients with a history of septic arthritis were ineligible for the study. Individuals with gout, OA, RA and any other inflammatory rheumatic conditions (seronegative SpA/psoriasis, CTD, vasculitides and crystal arthropathy) prior to the start of follow-up were further excluded. We conducted a cohort analysis of septic arthritis among adults with incident gout compared with up to five non-gout individuals from THIN, matched by age, date of study entry and enrolment year (comparison cohort). The date of gout diagnosis was the index date. Participants entered the cohort when all inclusion criteria were met or on the matched date for subjects in the comparison cohort (index date), and were followed until they developed septic arthritis, died, left the THIN database or the follow-up ended, whichever came first. The study was approved by THIN Institutional Review Board.
Ascertainment of gout
Gout was defined by diagnostic codes using the Read classification [10] . Through a computer search using Read codes, we identified all patients with a first-ever diagnosis of gout recorded by a GP (n = 72 073). To evaluate the robustness of gout case ascertainment, we performed a sensitivity analysis in which we restricted gout cases to those receiving gout treatment (total n = 331 013; gout n = 55 418) as previously described [10, 11] . We used the following operational definition: we identified within 90 days after the first-ever diagnosis of gout any anti-gout treatment (colchicine or urate-lowering drugs such as allopurinol, febuxostat, probenecid or sulphinpyrazone) and/ or a prescription for a NSAID on the same day. A similar case definition of gout has been shown to have a validity of 90% in the GPRD [12] .
Ascertainment of septic arthritis
Our primary outcome was the first recorded diagnosis of septic arthritis associated with either hospitalization or antibiotic prescription. To evaluate the robustness of septic arthritis case ascertainment, we performed three sensitivity analyses in which we restricted septic arthritis cases to: patients with a diagnosis of septic arthritis; those with a diagnostic code plus those receiving antibiotic treatment within 1 month; and those with a diagnostic code plus a hospitalization within 1 month.
Assessment of covariates
All lifestyle factors, the Townsend socio-economic deprivation index (SDI), use of medications and health care utilization (i.e. GP visits) were collected prior to the index date. Specifically, lifestyle factors (e.g. BMI, smoking status and alcohol consumption), heath care utilization (i.e. GP visits), comorbidities [i.e. diabetes, ischaemic heart disease, hypertension, hyperlipidaemia (either a diagnosis or antihyperlipidaemia medication)], medication use [i.e. glucocorticosteroids (oral agents or injections)] and the Charlson comorbidity index, were recorded to the nearest possible measurement prior to the index date. The SDI was measured by the Townsend Deprivation Index score, which was grouped into quintiles from 1 (least deprived) to 5 (most deprived) [13] .
Statistical analyses
We compared the baseline characteristics between gout and comparison cohorts. We identified incident cases of septic arthritis during the follow-up and calculated the eligible person-time and incidence rates (IRs). Cox proportional hazard regression models were used to calculate hazard ratios (HRs) after accounting for matched clusters (age, sex and entry time). Our intermediate multivariate model was adjusted for lifestyle factors (smoking and alcohol consumption), BMI, the SDI and GP visits, whereas our full multivariate model was additionally adjusted for comorbidities and medication use. In addition, we conducted further subgroup analyses by sex, age group (<75 years vs 7590 years) and the Townsend Deprivation Index score (i.e. 42 vs > 2). We assessed the septic arthritis IRs and HRs of gout using three different definitions of septic arthritis.
As previously described [14] , for all analyses, missing values for covariates (i.e. smoking and alcohol use) were imputed by a sequential regression method based on a set of covariates as predictors (IVEware for SAS, Version 9.3; SAS Institute, Cary, NC, USA). To minimize random error, we imputed five datasets and then combined estimates from these datasets [14] .
Results
The study cohort included 72 073 gout patients and 358 342 matched non-gout individuals. The mean age at baseline was 64 years, and 75% of the population were male. Baseline characteristics of the cohorts are shown in Table 1 . Gout patients tended to consume more alcohol, visit their GP more often, use glucocorticoids more often, and had a higher BMI and more comorbidities.
The IRs and HRs for the risk of septic arthritis are shown in Table 2 . The IR for a septic arthritis diagnosis in gout patients was 0.24/1000 patient-years. In the control group, the IR for a septic arthritis diagnosis was 0.09/ 1000 patient-years. Compared with individuals without gout, the age-, sex-and entry time-matched HR of a septic arthritis diagnosis among gout patients was 2.82 (95% CI 2.15, 3.71). After adjusting for all covariates, the multivariate HR was 2.60 (95% CI 1.93, 3.51) ( Table 2 ). The association persisted among subgroups stratified by sex, age group and socio-economic deprivation level (Table 2) . Although female gout patients and those with low socio-economic status tended to have larger HRs than their counterparts (Table 2) , the subgroup effects were not significant (>0.05).
In our sensitivity analyses that used alternative definitions of septic arthritis the association between gout and the risk of a septic arthritis diagnosis remained significant (supplementary Table S1 , available at Rheumatology Online). Similarly, after restricting gout cases to those receiving anti-gout therapy, the association also persisted (supplementary Table S2 , available at Rheumatology Online).
Discussion
In this large general practice cohort representative of the UK population, we found that gout patients are 2.6 times (after adjustment for all covariates) more likely to be diagnosed with septic arthritis associated with antibiotic use or hospitalization. These findings were independent of potential confounders and persisted in the subgroups stratified by sex, age group and the SDI. The current study provides the first general population evidence of a potential independent association between gout and the risk of septic arthritis, and supports appropriate vigilance and timely strategies to sort out this costly and potentially devastating outcome.
There are several possible mechanisms by which gout may increase the risk of septic arthritis. Deposition of MSU crystals can activate chondrocytes to release IL-1, inducible nitric oxide synthetase and MMP, leading to cartilage destruction [15] . Similarly, MSU crystal activation of osteoblasts, release of cytokines by activated osteoblasts and decreased anabolic function contribute to the juxtaarticular bone damage seen in chronic MSU inflammation [15] . The resulting joint damage can contribute to an increased risk of development of septic arthritis, similar to joint damage associated with RA [3] . Furthermore, the presence of s.c. tophi (especially in areas near the joint) predisposes patients to skin breakdown or ulceration. This may increase the risk of direct inoculation of bacteria, leading to septic arthritis [6] . Glucocorticoid use in gout care, although typically over a short period, might also contribute to the risk of septic arthritis [16] . Finally, gout patients are more likely to have arthrocentesis and IA injections, which might also contribute to the risk of septic arthritis [17] .
Another potential explanation for the association observed in our study is the resemblance between features of gout and septic arthritis that may lead to an increased rate of presumed diagnosis or misdiagnosis of septic arthritis in gout patients. Nevertheless, gout and septic arthritis have been shown to co-exist during an acute arthritic presentation [6] , and delayed treatment of septic arthritis increases the risk of irreversible damage to cartilage, the risk of seeding other joints, the number of poor joint outcomes and mortality. Thus, it has been recommended that joint aspiration should be performed with Gram staining and cultures sent, even when MSU crystals are identified [6] . Although our data are in line with the possibility of an increased risk of septic arthritis in gout patients, further studies are needed to confirm our findings.
Our study has strengths and limitations. We used data collected from a representative sample of the UK population, and thus our findings are probably generalizable to the population at large. The THIN database is an electronic medical records database used in actual patient care; therefore, the accuracy is expected to be higher, and this has been validated in many validation studies for outcomes such as gout and infections [7, 18] . However, because the definition of gout was based on doctors' diagnoses, and the data on the presence of MSU crystals in SF and culture results are not available for all cases, a certain level of misclassification is inevitable. To that effect, our adoption of a stricter definition of septic arthritis (i.e. a septic arthritis diagnosis combined with either an antibiotic prescription or hospitalization) is expected to be more specific than that employed by the aforementioned GPRD study in RA [4] . The incidence of septic arthritis in our control group is comparable to the incidence of septic arthritis in previously published studies (0.040.10/1000 patient-years) [3, 19, 20] . Of note, in these studies there was confirmation of culture results [19, 20] . Furthermore, when we used doctors' diagnoses of gout combined with anti-gout medication use (which has previously shown a validity of 90%) [12] as our case definition, our results remained almost identical. Nevertheless, as with other observational studies, we cannot rule out the possibility that unmeasured factors might have contributed to the observed associations. Finally, any non-differential misclassification of these diagnoses would have biased the study results toward the null [7] . In summary, this general population-based study suggests that gout is associated with an increased likelihood of septic arthritis.
